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We, The Garrett Corporation^ a Cor- 
poration organised under the Laws of the 
State of California^ United States of America, 
of 9851—9951 Sepulveda Boulevard, Los 
5 Angeles 45, California, United States of 
America, do hereby declare the invention for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed to be particularly described in and 
10 by the following statement: — 

This invention relates to systems for con- 
trolling the flow of working fluid through tur- 
bines. 

According to the present invention a tur- 

15 bine comprises a radial flow turbine wheel, a 
pair of ring members which are axially mov- 
able relative to one another and are coaxial 
with and surrounding the periphery of the 
turbine wheel and which have corresponding 

20 intermeshing ribs and slots whidi form be- 
tween them the inlet noz^es to the turbine 
wheel, and a sensing element which is arran- 
ged in proximity to 3ie fluid flow path through 
the turbine adjacent the inlet or outlet of the 

25 turbine and which has an effective length 
which varies by reason of thermal expansion 
and contraction as the temperature of the fluid 
flowing through the turbine varies, one end of 
the sensing element being fixed relative to the 

30 turbine casing and the other end being mech- 
anically coupled to one of the ring members to 
control the axial spacing of the ring members 
and hence the area of the inlet nozzles in 
accordance with the sensed temperature. In 

35 one construction the sensing element is arran- 
ged in the fluid outlet from the turbine and 
in another construction it is arranged in the 
fluid inlet to the turbine. In the latter con- 
struction the sensing element preferably com- 

40 prises a bimetallic member having at least one 
fold whereby the overall length of the mem- 
ber normal to the line of the fold changes in 
response to changes in temperature. 
Preferably the turbine includes an axially 

45 aligned guide rod on which slides a guided 
member connected with one of the pair of 
ring members which is axially movable, and 
[Price 3s. 6d.] 



the bimetallic member is attached at one end 
to the end of the guide rod adjacent the ring 
member and extending away from die ring 
member, the other end of the bimetallic mem- 
ber being attached to the guided member. 

The invention may be performed in various 
ways and several embodiments will now be 
described by way of example with reference 
to the accompanjdng drawings in which : — 

Figure 1 is a cross section through part of 
a turbine incorporatmg the present invention 
and arranged to produce a controlled re- 
frigeration; 

Figure 2 is a cross section taken on the 
line 2 — 2 of Figure 1 showing one of the tem- 
perature responsive elements; 

Figure 3 is an enlarged perspective view of 
a portion of the variable area nozzle device 
shown in Figure 1 ; 

Figure 4 is a section through a turbine simi- 
lar to that of Figure 1 and arranged to pro- 
duce a controlled power output; 

Figure 5 is a horizontal cross section taken 
on the line 5 — 5 of Figure 4 showing the 
mounting of one of the temperature respon- 
sive elements; 

Figure 6 is a cross section through another 
tm:bine incorporating the invention and arran- 
ged to produce a controlled power output; 
and 

Figure 7 is a horizontal cross section talcen 
on the line 7 — 7 of Figure 6 showing the link- 
age used to actuate the variable area nozzle 
means. 

^ Figures 1 to 3 of the drawings show a tur- 
bine used in cooling an aircraft cabin driven 
by compressed air bled from the compressor 
of the aircraft engine. When the aircraft engine 
is operating at a verying power output, the 
bleed air flow through the cooling turbine is 
continually controlled by a temperature re- 
sponsive variable means. The temperature re- 
sponsive means will operate the cooling tur- 
bine at the desired refrigeration output while 
utilizing a minimum amount of compressed 
air, thus conserving power of the aircraft en- 
gine furnishing the compressed air. 
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Figure 1 shows a turbine for providing 
cooling air to the cabin of an aircraft. The 
turbine comprises a housing 1, in which a 
turbine wheel 2 mounted on a shaft 3 is rotat- 

5 ably supported by a bearing 4. Located at the 
periphery of tlie wheel 2 is an inlet plenum 
5, which is supplied with compressed air bled 
from the compressor of the engine of tlie air- 
craft. Mounted within the plenum 5 there is 

10 a series of temperature responsive bimetallic 
elements 6. Each bimetallic element 6 is fab- 
ricated from individual sections of two lami- 
nated metallic strips 6a and 6b the material 
of the strip 6a having a larger coefficient of 

15 thermal expansion than that of the strip Sb. 
Each bimetallic element 6 k constructed in a 
corrugated form from a number of individual 
sections of the two strips 6a and 6b with the 
strip 6a, which has tlie larger coefficient of 

20 thermal expansion, placed on tlie outside of 
^ch fold as shown in Figure 1. The indi- 
vidual sections are joined together to form a 
complete element by any desired means such 
as welding. 

25 The turbine is provided with a variable 
area nozzle 31 wMch controls the flow of 
compressed air from the plenum 5 to the tur- 
bme wheel 2. The variable area nozzle com- 
prises a stationary portion 11 and a ring- 

30 shaped movable portion 7 which is supported 
by a series of circurnferentially spaced guide 
rods S and is provided with axially projectrng 
vane elements 9, which are interleaved or 
meshed with conforming elements 10 attached 

35 to the stationary portion 11. The movable 
portion 7 also carries projecting bosses 12^ 
vMch contact stops IS^ one on each of the 
guide rods 8^ when tlie movable portion 7 is 
in the fully open position, relative to tlie 

40 stationary portion 11, to prevent the inter- 
leaved elements of the nozzle from shifting 
out of mesh with each other. The 
stops 13 may be adjusted by the threaded 
ends of the guide rods 8 which project 

45 through the wail of the plenum 5 and may be 
locked in position with nuts 14. 

Each bimetallic element 6 has one end 
attached to the wall of the plenum 5 by a bolt 
7a and the opposite end fixed to the movable 

50 portion 7 of a variable area nozzle. 

A variation in the temperature of the com- 
pressed air as it enters the plenum 5 causes 
thermal stress in the bimetallic elements which 
then exert a force on the movable portion 7 

55 of the variable area nozzle 31. When the tem- 
peratures of the compressed air in the plenum 
5 decreases, the effective overall length of the 
bimetallic elements 6 will increase thus tend- 
ing to close the variable area nozzle. The 

60 effective overall length of the bimetallic ele- 
ments 6 will increase with a decrease in tem- 
perature due to llie increase in the radius of 
the folds of the elements caused by the dif- 
ferent expansion rates of the portions 6a and 

$5 6b. In effect the bimetallic elements will tend 



to straighten out as the temperature decreases 
thus increasing the effective overall length of 
the elements. Fluid flow through the turbine 
wheel 2 is thereby reduced to correspond to 
tlie decreased temperature so as to obtain a 70 
constant refrigeration output of the turbine. 
Wlien an increase in the temperature of the 
compressed air in the plenum 5 occurs^ the 
effective overall length of the bimetallic ele- 
ments 6 will decrease, thus opening the 75 
variable area nozzle 31. As- the tem- 
perature increases, the radius of the 
folds in the bimetallic element will de- 
crease thus shortening tlie overall length 
of the element. Flow througli the turbine 80 
wheel 2 is thereby increased to correspond 
to the increase in temperature so as to 
obtain a constant refrigeration output of the 
turbine. The temperature responsive means 
thus proportions the flow of fluid through the 85 
variable area nozzle according to the thermal 
energy of the fluid at the turbine inlet. 

Figure 4 shows a turbine of the same general 
construction as that shown in Figures 1 to 3. 
The turbine in Figure 4 is a power turbine 90 
arranged to produce a constant power output 
and the mounting of the bimetallic elements 
is arranged so fiat they close tlie variable 
nozzle 32 as the temperature in the plenum 5 
increases instead of opening it as in the tur- 95 
bine shown in Figure 1. As in the turbine 
shown in Figure 1 the variable area nozzle 32 
comprises a stationary portion 11 and a mov- 
able portion 17 which is supported by a series 
of circurnferentially spaced guide rods 18. The 100 
guide rods 18 are not directly attached to the 
movable portion 17 but each slidably supports 
a coaxial sleeve 19 which is fixed to the mov- 
able portion. The end of each sleeve 19 is 
fixed by a rivet 20 to one end of a bimetallic 105 
element 16 the other end of v/hich passes 
through a slot in the sleeve 19 and is attached 
to the end of rfie corresponding guide rod 18. 
Each bimetal element 16 is of a similar con- 
struction to the element 6 of the construction 110 
shown in Figure 1 and is made from lamina- 
tions of two different metals, each metal hav- 
ing a different coefficient of expansion. 

When an increase in fluid temperature 
occurs in the plenum 5, as shown in Figure 4, 115 
each of the bimetal elements 16 v/ill tend to 
contraa or shorten, thus closing the variable 
area nozzle 17 and reducing fluid flow through 
the turbine wheel 2 to obtain a constant poiver 
output. Conversely, when a decrease of fluid 120 
temperature occurs in the plenum 5, each of 
the bimetal elements 16 tends to straighten 
out or increase in overall length thus causing 
tfie variable area nozzle 17 to open and in- 
creasing fluid flow through the turbine wheel 125 
2. 

Figure 6 shows another turbine of similar 
general construction. In this arrangement the 
temperature responsive variable means includes 
a series of circumferentially spaced tempera- 130 
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ture responsive elements 21 which axe loca- 
ted in the wall of the turbine exhaust duct 15 
and which sense the temperature of the gases 
in it. Each temperature responsive element 21 

5 consists of a conventional thermostatic or tem- 
perature sensitive variable element 22 dis- 
posed to actuate a piston 23, so that an in- 
creased temperature of the variable element 
22 extends the piston 23 and a decrease in 

^0 temperatui-e permits the piston 23 to be re- 
tracted by a spring 23 a connected to a bell- 
crank 24 one end of which is pivoted to the 
piston 23 by a pin 25. Each bellcrank 24 is 
pivoted on a pin 24a supported by ears which 

15 project radially from the turbine exhaust duct 
15^ and is connected at its end remote from 
the piston 23 to one end of a rod 27 which 
is slidably mounted in the wall of the plenum 
5, the other end of the rod being attached to 

20 a movable portion 28 of a variable area nozzle 
33. The variable area nozzle also includes a 
stationary portion 11 and is of the same 
general construction as that shown in Figures 
1 and 4. 

25 When the exhaust temperature of the tur- 
bine is reduced below a predetennined value, 
the temperature responsive elements 21 allow 
the springs 2?a to retract the piston 23. The 
resulting movement of the bellcranks 24 is 

30 transmitted through the rods 27 to the mov- 
able portion 28 to open the variable area 
nozzle 33. The variable area nozzle wUl there- 
fore allow an increase in fluid flow through 
the turbine wheel 2 to obtain a constant tur- 

35 bine power output. 

When the inlet fluid temperature through 
the turbine increases, the temperature respon- 
sive elements 21 in the turbine exhaust out- 
let 15 will sense an increased temperature and 

40 expand, thus moving the bellcranlcs 24 and the 
rods 27 in a direction to close the movable 
portion 28 of the variable area nozzle relative 
to the stationary portion 11 thereof. Such re- 
striction of the nozzle area will reduce the fluid 

45 flow through the turbine wheel 2 to obtain 
a constant turbine power output. 

The temperature responsive devices 21 may 
be used in coohng turbines when the devices 
will be arranged to move the variable area 

50 nozzle tovv^ard a closed position when the 
turbine inlet temperature decreases, in order 
to maintain the turbine exhaust at a constant 



temperature. 

WHAT WE CLAIM IS : — 

LA turbine comprising a radial flow tur- 55 
bine wheel, a pair of ring members which are 
axially movable relative to one another and 
are coaxial with and surrounding the peri- 
phery of the turbine wheel and v/hich have 
corresponding intermeshing ribs and slots 60 
which fonn between them 5ie inlet nozzles to 
tile turbine wheel, and a sensing element 
which is arranged in proximity to the fluid 
flow path through the turbine adjacent the in- 
let or outlet of the turbine and which has an 65 
effective length which varies by reason of ther- 
mal expansion and contraction as the tem- 
perature of the fluid flowing through the tur- 
bine varies, one end of the sensing element 
being fixed relative to the turbine casing and 70 
the other end bemg mechanically coupled to 
one of the ring members to control the axial 
spacing of the ring members and hence the 
area of the inlet nozzles in accordance witli 
the sensed tanperature. 75 

2. A turbine as claimed in Qaim 1 in 
which the sensing element is arranged in the 
fluid outlet from the turbine. 

3. A turbine as claimed in Claim 1 in 
which the sensing element is arranged in the 80 
fluid inlet to the turbine. 

4. A turbine as claimed in Claim 3 in 
which the sensing element comprises a bi- 
metallic member having at least one fold 
whereby the overall lengdi of the member nor- 85 
mal to the hne of the fold changes in response 

to changes in temperature. 

5. A turbine as claimed in Claim 4 includ- 
ing an axially aligned guide rod on which 
slides a guided member connected with one 90 
of the pair of ring members which is axially 
movable, the bimetallic member being attached 

at one end to the end of the guide rod adja- 
cent the ring member and extending away 
from the ring member, the other end of the 95 
bimetallic member being attached to the 
guided member. 

6. A turbine substantially as described with 
reference to Figures 1 to 3 or Figures 4 and 

5 or Figures 6 and 7 of the accompanying 100 
drawings. 

KILBURN & STRODE, 
Chartered Patent Agents, 
Agents for the Applicants. 
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jnccij r/i/s drawing is a reproduction of 
the Original on a reduced scale. 
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